Analyses of 9 years of hcrbrgc yield and precipitation data from bage yields (~0.76). Also in the northern Great Plains, Power and the Reynolds Creek Experimental Watershed in southwest Idaho Alessi (1970) and Wight (1978) found that May precipitation was show that annual herbrge yield can be estimated by the Sneva and the best single month index of annual herbage production. Sneva Hyder procedure (Sneva and Hyder 1%2a, 1962b) at locations and Hyder (1962a) reviewed studies in the intermountain region other than where their procedure was developed. These analyses that indicated winter and spring precipitation were closely corredid indicate that for sites below 1,680 m, their procedure was more lated to annual herbage production. useful when the crop-year precipitation index was based on a
plans, estimates of average annual herbage production are often unavailable. If annual herbage yields can be predicted from precipitation data with reasonable accuracy, then long-term precipitation records can be used to help establish average annual herbage production for range sites associated with the precipitation data.
Yield prediction equations can also be used to forecast current year's forage production and add at least a degree of flexibility to grazing management, enabling managers to make more efficient use of the total forage resource to provide the year-around nutritional needs of the livestock. Sneva and Hyder (1962a) related herbage yield to crop-year precipitation (September-June) and suggested that current year's yields could be forecast as early as April 1, using the September-March precipitation, plus long-term median precipitation values for April, May, and June. These forecasts could be updated monthly, using actual precipitation data up to the date of forecast and monthly median values for the remainder of the crop year.
Attempts to correlate annual herbage yields with annual precipitation have generally been unsuccessful. This is due primarily to precipitation's variable distribution, and to the fact that range plants generally have the greatest rate of growth during the growing season and little, if any, growth during fall and early winter. Use of seasonal or combinations of monthly precipitation have helped account for the distribution effects and, in many situations, have provided reasonably accurate yield estimates. In Canada, Smoliak (1956) found that May and June precipitation provided good estimates of yield (~0.86). In North Dakota, Rogler and Haas (1947) millimeters of precipitation per yeor. precipitation data obtained from the Reynolds Creek Experimental Watershed in southwestern Idaho, where herbage yields vary with differences in exposure and elevation.
Methods

Site Description
Nine native range study sites were located on the Reynolds Creek Experimental Watershed in southwestern Idaho (Fig. 1) . Site elevation ranged from 1,180 mat Flats to 2,070 mat Reynolds Mountain and the associated average annual precipitation varied from 251 mm to 1,044 mm, respectively (Table 1) . Drifting snow accumulations increased plant available water at the Upper Sheep Creek (North Face) and Reynolds Mountain (East) sites. The precipitation distribution was similar for all sites, occurring primarily during winter through early summer (Fig. 2) . Soils at the study sites were derived from basalt, granite, or rhyolite; soil textures varied from loam to gravelly loam (Table 2) (Stephenson 1977) . The primary plant species at each study site are listed in Table 3 . All sites had a dense sagebrush (Artemisia tridentata or Artemisia arbuscula) cover, except Flats, where shadscale (Atriplex conferttifolia) was the the major brush species.
Procedure
Annual herbage yields were determined by the double-sampling, weight estimate method described by Wilm et al. (1944) . Each year, 2 people estimated the green herbage weight, by species, within 20 randomly located, 9.8-ft2 circular plots at each site-10 plots inside and 10 plots outside the exclosures. An additional 3 plots inside and 3 plots outside the exclosure were clipped to determine green to dry weight ratios. Sample plots outside the exclosures were caged to protect them from grazing. Yield estimates were made at each site when bottlebrush squirreltail (Sitanion hystrix) had reached the seed set stage. Only the nonwoody portion of the brush species was considered annual growth. All yields are reported on an air-dry weight of 12% moisture. Table 2 . Geologic mrterki end soil cbaracterktka at study eltee. Sneva and Hyder (1962a, 1962b) used precipitation and yield indices as the basic elements in their yield estimations. The precipitation indices were calculated as the individual "crop-year" precipitation (September-June) divided by median crop-year precipita- tion; the herbage yield indices were determined, using the same procedure. A regression of the yield indices on the precipitation indices, using data from 13 yield-precipitation series from 3 locations in the intermountain region, resulted in the following equation:
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that of Sneva and Hyder (equation [l] ), and the residual variances were homogeneous, indicating that the 2 equations were not different. Thus, equation [l] was used throughout the study. 
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where Yis the yield index (9%) and Xis the precipitation index (a).
Because of the short yield record in this study, estimated medians were calculated for both precipitation and yield, and these values were then used to compute the precipitation and yield indices. The estimated medians were calculated by averaging the middle five values from the 9-year records and the middle four values from the 8-year records. Precipitation data from the 3 sites shown in Figure 2 were used to determine how well the estimated median values, and the range of the 9-year series used in this study compared with the l&year record available at each site. The estimated median values were all within 9% of the 18-year medians. The range of values used in this study included the year with the least precipitation at each site, and the year that was within 1 or 2 values from the highest value in each series. Similar analysis of a 41-year precipitation record from the U.S. Weather Bureau at Boise, Ida., also supported the validity of the estimated medians, using the same 9-year period as used in the study. The estimated median was within 8% of the 41-year median and range of values included both the highest and lowest values of the series. Based on pre.cipitation alone, this analysis would suggest that the yield data used in this study represent the range of yields that can be expected.
Herbage yield was computed for the low elevation sites using Sneva and Hyder's crop-year precipitation (September-June) and the crop-year precipitation periods selected through regression analysis (Table 4) . The results shown in Figure 3 indicate that the best fit crop-year improves yield estimates, but not significantly. Neither of the regression lines shown in Figure 3 was significantly different from the line of equal value, nor were they significantly different from each other.
These analyses indicate that the Sneva and Hyder procedure could be used to estimate yields and that .a somewhat improved yield estimate could be made if precipitation data for specific months were available. One reason why the variable length cropyear concept may not have improved the results more was because a preponderance of the precipitation fell during the November through January period; thus, variations in the other monthly amounts do not have the same effect on the computed yields.
Analysis of data from the 5 sites at or above 1,680 m indicated that 2 precipitation-index periods (Table 4) improved herbage yield estimates. The analysis also suggested that each precipitationindex period contributed about 50% to the total yield. Precipita- tion indices were then developed for several precipitation period combinations for each site using a modified form of Equation [l] (see equation [3] ). The modified form of equation [ I] was then used to determine which precipitation periods best represented each site (Table 4) . This combination of winter and spring precipitation suggests that spring precipitation is more effective for annual growth than winter precipitation, because winter and spring precipitation are given equal weight; but, there was considerably more precipitation during the winter.
The equation developed for the sites at 1,680 m and higher was: yh = (X,,r + x4 0. 55 -10.6 (3) where Fh is the yield index (ye), Xkt is the precipitation index (70) from winter precipitation period, and Xb is the precipitation index (%) from the spring precipitation.
The relationships are shown between measured and computed yields, using equation (3), and equation (l), and equation (1) with the crop-year precipitation periods indicated in Table 4 . The slope of the regression lines (Fig.  4) is not significantly different from 1 .O and the intercepts are not significantly different from zero; the regression lines are not different from each other. However, the regression lines shown in Table  4 suggest that a variable length crop-year precipitation index or a 2 crop-year precipitation index (Equation [3] ) may improve yield predictions.
As shown in Table 4 , the crop-year precipitation periods were November through April, and November through May at the low elevation sites. This difference is most likely associated with the vegetation maturing later in the season as the elevation increases. At the higher elevation sites, such as Upper Sheep Creek, there were 2 precipitation periods that contributed to the herbage yields-one associated with winter precipitation, which was primarily snow, and one associated with spring snow and rain. Precipitation periods at the high elevation sites showed the same trend as those at the low elevation sites with crop-year precipitation extending later into the summer with increasing elevation.
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Summary
The results of this study show that the procedure developed by Sneva and Hyder (1962a, 1962b ) is effective over a wide range of annual precipitation and vegetation types. Our study also indicated that at lower elevation sites (below 1,680 m), where there was normally an ephemeral snow cover, results may be improved by using a precipitation index obtained from the months of November through April, or November through May; this depended on site location rather than the crop-year precipitation period Sneva and Hyder used, which was September through June. At sites at or above 1,680 m, a modified form of the Sneva and Hyder equation, using 2 crop-year precipitation periods, may represent the field data more accurately than a single crop-year period. The 2 precipitation periods are likely associated with the fact that snow cover at these sites was generally continuous throughout the winter, and that plant growth is also enhanced by spring and summer rain.
